ABSTRACT. Biological response modifiers such as pro and prebiotics have been recently used in aquaculture showing abilities as immunostimulants, enhancing resistance to different fungal, bacterial and parasitic pathogens and tolerance to environmental stress. This experiment evaluated three different concentrations (0.05, 0.1 and 0.5%) of β-1,3/1,6 glucans on nonspecific immune parameters of channel catfish Ictalurus punctatus. Results showed that intake supplementation with 0.05% of β-1,3/1,6 glucans provides a greater immunostimulation over the fourth treatment week. Significant higher differences (P < 0.05) were obtained on parameters related to phagocytic activity on blood cells, also other assays showed more reactive cells to nitroblue tetrazolium (NbT) stain on spleen and head kidney analysis. We conclude that the use of 0.05% of β-1,3/1,6 glucans added to a commercial diet improves nonspecific immune system of channel catfish I. punctatus.
INTRODUCTION
Catfish culture is a worldwide industry encompassing different culture methods. Fish cage culture is a highly efficient intensive system that is a potentially stressful environment due to overcrowding, inducing fish susceptibility to pathogen infection due to immune system alterations, which may result in fish disease (Villamil et al., 2003) . In recent years, immunostimulants have been included in the feed of cultured fish in order to improve their immune system (Meena et al., 2013; De et al., 2014; Vaseeharan & Thaya, 2014; Yang et al., 2016) , stress resistance, antioxidant activity (Zhao et al., 2012; Guzmán-Villanueva et al., 2014; Zanuzzo et al., 2015; Zeng et al., 2016) , inflammatory response (Boltaña et al., 2011) , and resistance to bacterial (Bonaldo et al., 2009; Meshram et al., 2015) , virus (Parmar et al., 2012) and parasite infections (Jaafar et al., 2011) . Glucans are polysaccharides with different primary molecular structures that vary depending on their source, which have different implications on their immunostimulant activity (Akramienė et al., 2007) ; glucans are commonly found ___________________ Corresponding editor: Jesús Ponce-Palafox in mushrooms, algae, yeast, cereals and cell walls of bacteria (Ringø et al., 2011; Meena et al., 2013) . Glucans called β-glucans have glycosidic linkages β-1,3 and β-1,6 and can be found on baker's yeast; this type of glucans exhibit the greatest ability to increase immune ability (Ringø et al., 2011) .
β-glucans (1,3/1,6) have been widely used to stimulate innate immune response, and to improve parameters like phagocyte activity, respiratory burst activity, nitric oxide, complement and lysozyme activity, as well as to increase the number of leukocytes (Ringø et al., 2011; Bridle et al., 2005) on salt and freshwater fish, such as Atlantic salmon Salmo salar (Bridle et al., 2005) ; rose snapper Lutjanus guttatus (Del Rio-Zaragoza et al., 2011) ; sea bass Dicentrarchus labrax (Bonaldo et al., 2009) ; grass carp Ctenopharyngodon idella (Kim et al., 2009) ; rainbow trout Oncorhynchus mykiss (Jaafar et al., 2011) and Nile tilapia Oreochromis niloticus (Cain et al., 2003) . In this regard, channel catfish Ictalurus punctatus also seems to respond to β-glucan immunostimulation when whole yeast cells have been used to improve its immune system (Welker et al., 2007) .
Channel catfish Ictalurus punctatus is endemic of North America. It is an important cultured fish species in Mexico (Lara-Rivera et al., 2015) , susceptible to bacterial or parasite diseases (Rábago-Castro et al., 2011) endemic to this area; this has increased the use of chemicals on water bodies as treatment against these pathogens, which in turn can result in water contamination. This has led to the quest to find alternatives to enhance fish resistance to disease, and at the same time, to decrease the use of watercontaminating chemotherapeutants. Little is known about the specific effect that β-1,3/1,6 glucans may have over the nonspecific immune system of channel catfish; therefore, the present study was designed to assess the influence of purified β-1,3/1,6 glucans on hematological parameters, focusing on those associated to the nonspecific immune response.
MATERIALS AND METHODS

Fish
Sixty channel catfish I. punctatus of 35.04 ± 6.95 g body weight (mean ± SD) and 14.62 ± 1.25 cm of fork length were obtained from a local hatchery (Abasolo, Tamaulipas, Mexico), and were transferred to the Aquaculture Assay Laboratory in Veterinary and Zootechnic College (Victoria, Tamaulipas, Mexico) for acclimation during two weeks before the experiment, during this period all fish were fed with control diet with 32% of protein (Purina ® , México). Photoperiod duration during experiment was natural (~689 min) according to the National Oceanic & Atmospheric Administration solar calculations from the U.S. Department of Commerce. Fish naturally infected with ectoparasites were treated with 570 mg L -1 of 3% hydrogen peroxide for four min (Benavides-González et al., 2015) . Fish were placed in twelve 40 L aquaria filled with 37 L ground well freshwater; a constant water flow (18 L h -1 ) was maintained in aquaria during the acclimation and experimental periods. Air supply was provided with two (2") airstones connected to a ¼ HP blower; water temperature was kept at 26 ± 1ºC; aquarium water pH were 7.5 and dissolved oxygen averaged 6 ± 0.5 mg L -1 ; these parameters were measured with a freshwater kit (La Motte®, Chertestwon, MD, USA).
Experimental design and diet preparation
Fish were randomly divided into four groups (15 fish per group, each group in triplicate). Groups were labeled CD, BG 0.05, BG 0.1 and BG 0.5, according to the concentration of the β-1,3/1,6 glucans added to the feed diet (0, 0.05, 0.1 and 0.5% respectively). The trial was run for five weeks and fish were fed 6 day a week.
Fish were fed carefully until satiation twice a day (09:00 and 16:00 h).
Highly purified Saccharomyces cerevisiae β-1,3/1,6 glucan (Beta G ® Nutribem, SA de CV, Guadalajara, Jalisco, Mexico) was added to the experimental diets. Experimental diets were prepared according to Del RioZaragoza et al. (2011) with slight modifications using a commercial pelleted catfish food with 32% of protein (Purina ® , México) that was ground to powder using a manual grain stone grinder. Afterwards, particles were mixed for 15 min using a powder mixer carefully adding β-1,3/1,6 glucan previously weighed to ensure the correct final concentration. Once the diets were homogenized, 700 mL of distilled water at 70°C were added to each kg of feed, this moisture allowed the binding of the product to the commercial food; then each mixture was pelletized using a butcher grinder equipped with a 3 mm diameter sieve. Pellets were dried at room temperature for 72 h, and stored at -4°C until required. Control diet was similarly processed without the addition of β-1,3/1,6 glucan.
Sample collection
All fish were carefully managed to minimize stress and were fasted 24 h before sampling. Fish were anesthetized with benzocaine (40 mg L -1 ); one fish from each aquarium (three fish per group) was randomly sampled each week, weighed and measured. Heart blood was collected (0.05-1 mL) using insulin syringes and immediately placed in 1 mL microcentrifuge tagged tubes containing 0.01 mL of EDTA (1%); one drop of whole blood was placed in a coverslip to determine glucose levels with a glucometer. Once blood sampling was complete, fish were euthanized with an overdose of benzocaine (120 mg L -1 ), placed in tagged bags and stored at 4°C for 24 h. Blood parameters were obtained on the sampling day and spleen and head kidney were carefully dissected and measured, then they were processed as described below. All sample processing was blind.
Blood, spleen and head kidney analysis Hematocrit (Ht), reported as the percentage of cell package, was calculated by filling 2/3 of a capillary tube (Corning ® , México) with blood. The tube was sealed and centrifuged for 5 min at 14,000 g. Total Protein (TP) blood plasma was determined placing a drop of plasma on a hand refractometer (ATAGO ® SPR-Ne, Japan), and reported as g 100 mL -1
. White blood cells (WBC) and red blood cells (RBC) count were determined using Natt & Herrick (1952) method; where blood samples were diluted with Natt-Herrick solution in a Thoma pipette, and this dilution was placed in a Neubauer chamber to count the number of WBC and RBC using an optical microscope and multiplying by the dilution factor. Glucose was determined by placing a whole blood drop on the edge of a quick glucose strip using a One Touch ® Ultra Meter reader (Lifescan, Milpitas, California) (Evans, 2003) . Two nitroblue tetrazolium (NbT) assays were performed: The first assay is based on the method described by Yildirim et al. (2003) , where NbT stains blue the respiratory burst of phagocytic cells due to superoxide anion (O2 -) production. Five drops of collected blood were gently mixed with 50 μL of NbT (0.2% w v -1 in saline) over a glass coverslip and then incubated during 45 min in a moist chamber to allow the reduction of NbT by O2
-into an insoluble blue formazan. Finally, the coverslips were washed gently with phosphate buffered saline (PBS) and fixed with methanol. The coverslips were placed upside down over a drop of NbT in a microscope slide. Blue staining cells were counted in 20 fields using a light microscope (40x).
The second assay with NbT uses the principle described above on phagocytic spleen and head kidney (HK) cells. Organs were carefully dissected and weighed, three imprints of the squashed organs were made (Jiménez-Guzmán, 2007) on a glass slide and covered with NbT solution (0.2% w v -1 in saline); slides were placed in a moist chamber for 45 min. Blue stain cells were observed in 20 fields under a light microscope (40x). Spleen somatic index (IS) and nephro somatic index (IN) were determinated as described by Rohlenová et al. (2011) ]. Total immunoglobulin M (IgM) levels present on blood samples were determined following the methodology described by Rohlenová et al. (2011) ; the difference between total proteins determined using a commercial kit (Bio-Rad, USA) and the proteins in the supernatant after precipitation with zinc sulphate (0.7 mM ZnSO4.7H2O, pH = 5.8) and centrifugation, results was reported as g L -1
. Phagocytic activity (PA) was determined as described by Zhu et al. (2012) ) were mixed in microcentrifuge tubes and incubated at room temperature for 30 min; 150 μL of PBS were added and centrifuged at 300 g during 5 min at 4°C. Supernatants were removed and the pellets were smeared onto glass slides, air dried and stained with Giemsa (Sigma ® ). Three hundred phagocytes were counted using a light microscope (40x) to determine phagocytic rate (RP) expressed as: RP = 100 (phagocytic leucocytes  total leucocytes 
Data analysis
All data are expressed as mean ± standard error (SE) and were processed using the commercial software Statistica ® (StatSoft Inc., Tulsa, OK). When necessary data were transformed to Log10 and Log10(x + 0.5) functions to meet ANOVA assumptions: normality test (Kolmogorov-Smirnov) and variance homogeneity test (Bartlett) (Zar, 1999) . Two-way ANOVA using diets and time as independent variables was performed; significant differences (P < 0.05) were identified using a Tukey honestly significant difference post hoc test.
RESULTS
No fish mortalities were observed during the duration of the experiment. Differences (P < 0.05) on the effect of the different diets over leucocyte count are showed on Figure 1 . The β-1,3/1,6 glucan diet supplementation at 0.05% showed significantly higher leucocyte values than control and other diets, as observed in weeks 2, 3 and 4 (Table 1) . No interaction was observed on diet x week analysis on two-way ANOVA.
β-1,3/1,6 glucan supplementation resulted in a significant (P < 0.05) decrement on weekly Ht and RBC values (Table 1) . NbT reactive blood cells showed statistically significant differences (P < 0.05) on fish in different diets (Table 2) , where higher values were mainly observed during the week 3 for BG 0.5 diet. No interaction was observed on diet x week analysis.
Weekly differences (P < 0.05) on NbT reactive spleen and HK cells were observed, with both parameters being higher on week 3 for control and BG 0.5 diet respectively. No influence (P > 0.05) of β-1,3/1,6 glucan intake was observed on IS and IN, but weekly analysis showed statistical differences (P < 0.05) with significantly higher indices observed on weeks 4 and 3 respectively, being the control diet which has a greater value on both parameters (Table 1) . No interaction was observed on diet x week analysis.
Unpredictable weather conditions resulted in the loss of the first week samples for RP and IP; thus, Figure  2 shows data corresponding to weeks 2-5. IP does not evince differences (P > 0.05) between diets, weeks or diet x week interaction (Fig. 2b) ; on the other hand, RP indicates weekly difference (P < 0.05) with higher values on week 5, especially for control and BG 0.05 diets (Fig. 2a) .
DISCUSSION
The use of natural immunostimulants such as β-glucans has improved aquaculture production, positively impacting fish farming, modifying the biological response of some hematological and immunological parameters (Bohn & BeMiller, 1995) , and enhancing the response of cultured organisms to infectious agents. These compounds are environmentally friendly, nonpolluting and biodegradable, and they might indirectly help reduce environmental damage by aiding cultured organisms against diseases, reducing chemical treatments. Results from this research show a general improvement in some hematological and immunological parameters after β-1,3/1,6 glucan intake, especially during weeks 3 and 4. However, some hematological parameters (Ht and RBC) showed opposed results decreasing over experimental time, agreeing with other studies (Del Rio-Zaragoza et al., 2011) which also reported high leucocytes values using same β-1,3/1,6 glucan concentration (0.05%) supplemented to red snapper Lutjanus guttatus commercial diet, and also a decrease in Ht and RBC values after the first treatment week.
No significant variation on total serum protein values during the experiment on any different diet groups were observed, which is similar to that reported in other species (Dicentrarchus labrax, L. guttatus) fed with β-1,3/1,6 glucan supplemented diets using similar concentrations (SitjÀ-Bobadilla & Pérez-Sánchez, 1999; Bagni et al., 2005; Del Rio-Zaragoza et al., 2011) . No difference (P > 0.05) on glucose levels between treated and control fish were observed, suggesting a proper response from fish to biological modifiers like β-1,3/1,6 glucans. Glucose levels are used as an indirect stress indicator (Evans et al., 2003) , since high stress levels on organisms are reflected on higher cortisol amounts on circulating blood, which in turn elevates glucose levels, increasing disease susceptibility (Barandica & Tort, 2008) .
The diet supplemented with 0.05% of β-1,3/1,6 glucans induced a significant (P < 0.05) increase on WBC numbers on week 4. Higher WBC values are associated with health, as they are involved on immunological response; leucocyte receptors are promoted by β-glucan, enhancing cell activity resulting on an improvement of phagocytic activity, and cytokine secretion which stimulate new WBC formation (Raa, 1996) . In other species, S. cerevisiae yeast β-glucan intake also increases WBC in Catla catla juveniles fed at 0.8% (Jha et al., 2007) and Labeo rohita fingerlings using 1% (Andrews et al., 2009) . Whereas, these reports did not measure the time needed for leucocyte proliferation, Del Rio-Zaragoza et al. (2011) established that higher WBC values are observed du- Table 2 . Channel catfish (I. punctatus) phagocytic activity against S. aureus (ATCC 25923) using diets supplemented with of β-1,3/1,6 glucan (0, 0.05, 0.1 and 0.5%). Mean ± SE, n: 3 in each group, phagocytic rate (RP), phagocytic index (IP). ring the second week of β-1,3/1,6 glucan supplementation on L. guttatus. Significant differences (P < 0.05) in phagocytic cell counts reactive to NbT were observed on the third week; these cells are capable of engulfing and destroying bacteria through a process called respiratory burst, generating superoxide anion (O2 -) which transforms in hydrogen peroxide (H2O2) and some hydroxyl free radicals (OH). However, other studies (Yildirim et al., 2003) do not report significant differences (P > 0.05) on channel catfish I. punctatus immune response fed control and treated diets, when different concentrations of gosypol, a polysaccharide obtained from cotton was used, probably due to widely dispersed results in data analysis, which can cause the absence of statistical significance. This experiment showed elevated values of phagocytic cell counts reactive to NbT in fish fed the diets supplemented with both doses of β-1,3/1,6 glucans, but with no difference (P > 0.05) in between, indicating that there is probably no need to increase the concentration of β-1,3/1,6 glucans to obtain a biological response. Jaafar et al. (2011) report that β-glucan immunostimulation activity can vary according to its source, intake period and treated species; in this study a higher IP was observed on fish given the 0.05% β-1,3/1,6 glucan supplemented diet, keeping above the rest of the treatments during weeks 3, 4 and 5; nonetheless, the wide dispersion of data observed did not allow to highlight any statistical differences (P > 0.05) among treatment groups. On the other hand, there are other reports (Zhu et al., 2012) that determined that channel catfish I. punctatus immune system may be improved through the phagocytic activity increment due to the intake of feed supplemented (0.3%) with compounds containing at least of 25% of β-1,3/1,6 glucans.
Immune response modifier biological agents like β-1,3/1,6 glucans possess the ability to widely stimulate organisms in both the specific and nonspecific immune systems (Barandica & Tort, 2008) . The spleen and head kidney are lymphoid organs involved on the fish immune system responsible of antibody production (Manning, 1994) and measurable indirectly through the relationship between the organ weight relative to the body weight, thus obtaining the spleen and nephro somatic indices. Comparing results from different variables, this study showed marked differences on IS during the weeks 2 and 4 with respect to the rest of the weeks; particularly in week 2 the BG 0.05 diet showed higher values than the rest of diets. On the other hand, spleen NbT reactive phagocytic cells exhibited higher values in fish treated with 0.05% of β-1,3/1,6 glucans during weeks 3 and 4 with respect to the others. The above findings are consistent with those reported by Rohlenová et al. (2011) who have reported an association between the phagocytic activity measured with NbT stain reactive test and the increment of IS studied on carps Cyprinus carpio; this may be due to proliferation of B lymphocytes in the spleen; this organ when it is immunologically stimulated, increases its activity and size, and vice versa, when it is immunosuppressed it reduces its size (Harford et al., 2006) . Considering weekly times that show an increment on immunological parameters mentioned before, it denotes that there is a similitude to what National Research Council (1992) reported categorizing the IS as a relevant immune parameter. Nowadays this assertion is inconsistent over fish immune literature due to other research that finds no relationship between spleen size and immune status in an organism (Poisot et al., 2009) .
As much as the β-1,3/1,6 glucan intake increase do not mean that immune response would improve in the same way to organism, it should takes in consideration that for every specie it should establish the appropriate dosage or concentration of β-1,3/1,6 glucans that leads to an improvement of immune system, otherwise, instead of enhance immunity, initial fight against pathogens may be compromised. In this regard, Robertsen et al. (1990) report that high β-glucan admi- ) from S. cerevisiae, increase the mortality on Atlantic salmon Salmo salar once it challenged with Vibrio anguillarum a week after product intake.
This trial demonstrated that β-1,3/1,6 glucan diet supplementation to channel catfish I. punctatus up to 0.5% is safe for this species, likewise, it is perceptible that just 0.05% of β-1,3/1,6 glucan supplementation results enough to stimulate nonspecific catfish immune system on parameters like WBC count and phagocytic cells activity. Further research of β-1,3/1,6 glucans activity challenged to infectious pathogens is necessary for the benefit to industry and environmental care.
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